Currently, it reported that TAF1L gene mutation is found in a number of carcinomas, but its pathophysiological function has not been well studied. We focused on investigating expressive levels of TAF1L gene and protein in esophageal squamous cell carcinoma (ESCC) with two tissue microarrays, forty fresh paired ESCC and paracancer samples using immunohistochemistry, real-time PCR or Western blot in this study. Furthermore, we executed TAF1L silence with siRNA in ESCC cell lines to evaluate effects of TAF1L expression on cell proliferation, migration and invasion of ESCC via CCK-8, wound healing and transwell chamber assays. Moreover, key proteins related to ESCC development were also analyzed by Western blot. Results from this study showed that the expression of TAF1L mRNA and protein in ESCC tissues were significantly higher than that in matched paracancer tissues. However, its abnormal expression was not associated with other clinic features, such as the age, gender and pathological grade, except of TNM-N stage. Furthermore, the proliferation, migration and invasion of ESCC cells were inhibited after TAF1L gene silencing. As a consequence, the expression of c-Myc and phosphorylated Akt in esophageal squamous cell line after TAF1L-siRNA treatment were inversely decreased, while p53 was increased significantly, compared those to control group. Taken together, the results from this study suggest that TAF1L gene might be served as an oncogene, and its overexpression could accelerate to the tumorigenesis of ESCC via promoting the malignant cell proliferation and tumor metastasis.
Introduction
Esophageal squamous cell carcinoma (ESCC) is a major pathohistological subtype of esophageal cancer in China, which is one of the most lethal cancers, ranking 4 th in mortality among all tumors globally (1, 2) . After clinical diagnosis, main therapies of ESCC include the surgery, radiotherapy and chemotherapeutics (3) . Unfortunately, when ESCC patients were made definite diagnosis, approximately 90% of them had already been reached to advanced stage with poor prognosis and low survival rate (4, 5) .
Therefore, it is urgent need to find novel biomarkers for early diagnosis and precision medicine of ESCC.
TAF1L (TATA-box binding protein associated factor 1 like), also known as TAF(II)210, is located on chromosome 9p21.1, and its locus is intronless. TAF1L gene exhibits 95% amino acid identity to the homologue TAF1. A structural analysis reveals that TAF1L, as TAF1 gene, contains kinase motif with ubiquitin-conjugating activity, a HAT region and two related BDs. The products of TAF1 and TAF1L can be Ivyspring International Publisher interchangeable in male germ cells (6, 7) . Previous studies reported that TAF1 gene could relate with the regulation of cell growth and cell cycle (8, 9) . A result of genome-wide RNAi screen also demonstrated that TAF1 play a role in apoptotic regulation and genotoxic stress. However, when the expression of p27Kip1 was reduced as a consequence of knocking down TAF1, those tested cells became more resistance to apoptosis (10) . Further information about protumorigenic roles of TAF1 gene in several tumors has been reported, i.e. uterine serous carcinoma, colorectal cancer, gastric cancer and esophageal cancer (11) (12) (13) . Unlike other retroposed copies of genes in the human genome without RNA translation, TAF1L gene can be normally transcribed and translated to intact protein (6) . Thus, TAF1L may have similar regulatory functions in cancers, as that in the homologue of TAF1 gene.
Recently, using next generation sequencing and meta-analysis, Xia J, et al found that TAF1L gene had recurrent mutation at melanomas samples (14) . Our previous research also demonstrated that TAF1L gene was associated with the development of human oral squamous cell carcinoma and colorectal cancer (15, 16) . According to that, we hypothesized that TAF1L gene may carry on special biological functions for the pathogenesis of ESCC, and then we intended to investigate whether TAF1L gene was abnormal expression in ESCC, and played important roles in disease development? Thus, via a technique of special gene silence in vitro, we analyzed TAF1L silent effects on cell proliferation, migration and invasion of ESCC, in order to further illustrate the pathophysiological effects of TAF1L gene on ESCC progress.
Material and methods

The collection and treatment of tissue specimen
Two commercial tissue microarrays include 150 cases totally were obtained from Biomax in USA. One contains 30 paired of ESCC and cancer adjacent esophagus tissue sections (total 60 sections), and another contains 120 cases of ESCC tissue, with 40 tissues of matched adjacent normal esophagus and 40 matched metastasis carcinoma tissue sections. The individual parameters (such as gender, TNM classification, clinical stage and pathology grade) of each section on the microarray were listed in Table 3 . Except of 4 cases missed the information of grade, a total of 146 ESCC cases were classified based on pathological differentiation. In addition, 40 paired fresh ESCC and paracancer tissues after surgery were collected from Shantou University Cancer Hospital. The sample collection was complied with ethics agreement approved by Medical Ethics Committee of Shantou University Medical College Cancer Hospital (approved number: 2016024).
Immunohistochemical staining (IHC)
Two tissue microarrays were deparaffinized with xylene and rehydration. Antigen retrieval was performed using 10 mM citrate buffer (pH 6.0) for 30 min in a steamer set pan (IHCWORLD, USA). Then tissue sections were incubated with 3% H 2 O 2 for 30 min, washed with PBS, and incubated with appropriate rabbit anti-human TAF1L antibody overnight at 4°C. After washing with PBS, tissue sections were incubated with goat anti-rabbit IgG-HRP (Zymed Laboratories, USA) for 60 min at room temperature, followed by detective reaction using AEC kit (GBI, USA), and counterstained with the hematoxylin. The visualization was performed under a microscope. All resulting images were recorded and analyzed by two independent individuals. The PBS replaced primary antibody, was served as negative control. Positive controls were executed on corresponding tissue sections stained with sensitive antibodies in parallel. Five fields of each section were selected randomly under a microscopy with 400-time magnification. Intensity degrees of positive signals were determined by 0-none, 1-weak, 2-moderate, 3-intense and 4-strongly intense; and percentage degrees of positive cell number were recorded via 0: 0%, 1: 1~25%, 2: 25-50%, 3: 50-75% and 4: 75-100%. Final score of IHC staining was achieved by multiplicating above two scores. Score<4 was categorized as "negative", and score≧4 was as "positive" for next statistical analysis.
Cell culture
Human KYSE150 cells and KYSE180 cells of ESCC, and immortalized esophageal epithelial cell line (Het-1A cells) were incubated in RPMI-1640 medium (Hyclone, USA) with 10% fetal bovine serum (Gibco, USA) and 1% penicillin/streptomycin (Hyclone, USA) at 37°C in a cell incubator with humidified atmosphere of 5% CO2.
Cell transfection
siRNAs for TAF1L gene (Sangon Biotech, China) was transfected into KYSE150 cells or KYSE180 cells with the following sequences, sense primer: 5'-GACCCAACA ACCCUUCAUTT-3' and antisense primer: 5'-AUGAAGGGUUGUUUGGGUCTT-3'. The transfection was conducted using Lipofectamine 2000 reagent (Invitrogen, USA), according to the manufacturer's protocol. After 6 h transfection with fresh full strength medium, cells were reincubated for growing until 24 h for mRNA detection and 48 h for protein detection.
Real-time polymerase chain reaction (real-time PCR)
Total RNAs from fresh tissues or cells were extracted using Trizol reagent (Invitrogen, USA) and each RNA sample was reversely transcribed using the cDNA synthesis kit (TaKaRa, Japan), according to the manufacturer's protocol. The primer sequences (Sangon Biotech, China) used for real-time PCR were as presented in Table 1 . Real-time PCR analysis was performed using SYBR Green PCR Premix Ex Taq TM II reagents (TaKaRa, Japan) on QuantStudio TM 6 FlexI real-time system (Applied biosystems, USA). The reaction mixtures for both TAF1L and GAPDH genes were amplified at the following thermal cycling conditions: 95˚C for 30 sec; 40 cycles at 95˚C for 5 sec and 60˚C for 34 sec. Final mRNA levels of TAF1L related genes were calculated using the 2 −ΔΔCt method. 
Western blot
Total proteins per tissue sample was extracted in RIPA lysis buffer (Biosharp, USA) with protease cocktail (Roche, Germany) for 30 min at 4°C. After a centrifugation at 14,000 xg at 4°C for 20 min, each cellular lysate was transferred to a new centrifuge tube on ice, and protein concentration was determined with a BCA assay (Thermo Scientific, USA). For Western blot analysis, 30 µg of total protein was loaded on SDS polyacrylamide gel for electrophoresis, and transferred to nitrocellulose membrane (Whatman, Germany). The nitrocellulose membrane was blocked using TBST with 5% BSA for 1 h at room temperature. As primary antibodies TAF1L (1:1000), p-Akt (Thr308, 1:1000), Akt (1:1000), p53 (1:1000), c-Myc (1:1000) and GAPDH (1:1000) were applied, and incubated at 4°C, overnight. Except TAF1L antibody was obtained from Proteintech (China), rest antibodies were purchased from Cell Signaling Technology in USA. Membranes were washed in TBST prior to addition of secondary antibody (Beyotime Biotechnology, China) at 1:1000 in blocking buffer for 1 h at room temperature. After washing with TBST, the images were exposed using chemiluminescent substrate (Pierce, USA) with a Chemiluminescent detection system (Tanon, China), and the intensity of protein band was analyzed by Tanon analysis system (Tanon), according to the manufacturer's protocol.
CCK-8 cell activity assay
After 48 h transfection, KYSE150 cells and KYSE180 cells were digested with 0.25% trypsin-EDTA to obtain the cell suspension. Cells were counted and seeded into 96-well culture plates with 5x10 3 cells per each well. At each indicated time point, a mixture of 100 μl fresh medium and 10 μl of CCK-8 (Dojindo, Japan) were added into each well, and incubated at 37°C for 2 h. The absorbance of CCK-8 was detected at 450 nm by a microplate reader (BioTek, USA).
Wound healing array
KYSE150 cells and KYSE180 cells were seeded with 2×10 5 cells per well in 6-well plates, and transfected at following day, when cells were confluent approximately 80-90%. The wounds were gently induced by using 200 μl plastic pipette tip, and cell cultures were refed with fresh medium, and kept in a 37°C incubator with 5% CO2. After 24 h, the wound was examined under the photomicroscope (IX71 Olympus, Japan). Cell migration was evaluated by counting cell number of 5 random areas via Image-Pro Plus 6.0.
Transwell chamber assay
After 48 h transfection, KYSE150 cells and KYSE180 cells were harvested, counted and resuspended in FBS-free medium. For migration analysis, 5×10 4 cells per well were seeded into a upper chamber of 24-well Costar Transwell Chamber System with 8 μm pore size insert (Corning Life Sciences, USA). The same system was also used for invasion array, when it was precoated by Matrigel-coated membrane (BD Biosciences, USA). For both assays, the lower chamber was filled by 0.5 ml of same medium containing 10% FBS, then incubated at 37°C in 5% CO2 for 24 h. After incubation, the membrane was fixed with the methanol, and remaining cells on the upper surface of filter membrane were removed with a cotton swab, and stained with 4',6-diamidino-2-phenylindole (DAPI). The cells were recorded in 5 fields random by using IX71 photomicroscope. The number of cell migration and invasion were counted via Image-Pro Plus 6.0.
Statistical Analysis
All statistical analyses were performed via SPSS 19.0 and Graphpad prism 6, and presented as the mean ± standard error. Statistical tests were used with the student's t-test, one-way ANOVA and Chi-square test. A value of p<0.05 was considered as a statistically significant difference for each statistical analysis.
Results
TAF1L protein was overexpressed in ESCC tissues compared with in paracancer tissues
To assess TAF1L protein expression in ESCC, immunohistochemical staining was performed in two tissue microarrays (total 150 tissue sections, contained 150 cases of squamous cell carcinoma, 70 matched adjacent normal esophagus tissue and 40 metastasis carcinoma), and real-time PCR and Western blot were applied to forty paired fresh tissue samples (included 40 ESCC tissues and 40 matched paracancer tissues).
The IHC images showed that positive TAF1L signals were distributed in cell membrane and cytoplasm mainly ( Figure 1A) . With a comparison, its signal intensity of ESCC tissues was observed much stronger than that in paracancer tissues. In addition, its expression rate in ESCC tissues was up to 70.7% (106 positive tissues in total of 150 ESCC tissues), which was very higher than that in paracancer tissues (latter only 14.3%, 10 positive tissues in total of 70 matched adjacent normal esophagus tissues). A difference between those two groups was existed statistically significant (showed in Table 2 , p<0.001). Compared with forty pairs of matched ESCC and paracancer fresh tissues, both expressive levels of TAF1L mRNA ( Figure 1B and D) and protein ( Figure  1C and E) were significantly enriched in ESCC tissues, which the mean of fold change for TAF1L mRNA expression was 2.37 times ( Figure 1B ) and for protein expression was 1.49 times ( Figure 1C) , and both of them were statistically significant (p<0.01). In the same testing condition, compared with the matched paracancer sample, mRNA expression of TFA1L in 31 of 40 ESCC tissues ( Figure 1D ) and protein expression of TAF1L in 29 of 40 ESCC tissues ( Figure 1E ) were upregulated.
The association with TAF1L protein overexpression and clinic pathological characteristics of ESCC
Using IHC, expression levels of TAF1L protein were further analyzed in ESCC lesions at different clinical stages, differentiation grades and TNM stages in this study. We found that TAF1L expression was significantly increased in ESCC tissues at all differentiation grades, clinical and pathological stages, compared to matched normal epithelial tissues (Figure 2A-D) . Even though TAF1L expression gradually increases with the severity of ESCC, no significant difference (p>0.05) was found between any two differentiation stages of ESCC. By the chi-square test analysis, the similar results (p>0.05) were also showed in comparison of TAF1L protein expression at any two stages from I to III, and TNM-T1 to T 3 . In addition, the association between TAF1L expression and one of the clinical pathological features of ESCC was assayed and listed in the Table 3 . There also was no significant association between the TAF1L expression and other parameters at ESCC development, except of the comparison of TNM-N0 and TNM-N1-2 stages (p=0.0141). 
TAF1L expression in ESCC cells was downregulated using siRNA
Both data from real-time PCR and Western blot were showed the higher expression levels of TAF1L mRNA and protein in KYSE150 cells and KYSE180 cells, compared that in normal human esophageal epithelial cell line (Het-1Acells), mRNA expression levels in KYSE150 cells and KYSE180 cells were raised 1.94 and 2.14 times, respectively. Expression levels of TAF1L protein were also increased 1.67 and 1.93 times in KYSE150 cells and KYSE180 cells, respectively. Both of them were statistically significant with p<0.01 and p<0.05 ( Figure 3A and B) . The knockdown efficiency of gene expression in KYSE150 cells and KYSE180 cells with TAF1L-siRNA treatment was tested by real-time PCR and Western blot. After transfecting with TAF1L-siRNA, the results showed that expression of TAF1L could be effectively reduced for mRNA level at 24 h and for protein level at 48 h ( Figure 3C and D) , compared with negative controls.
Suppressive effects on cell growth, migration and invasion of ESCC were observed after TAF1L gene silence CCK-8 cell proliferation, Wound healing and Transwell chamber assays were used to assess the proliferation, migration and invasion on KYSE150 cells and KYSE180 cells. The cell proliferation of KYSE150 cells and KYSE180 cells were found significantly suppressed at 24, 48, 72 and 96 h post TAF1L-siRNA treatment, compared with control group (Figure 4A ). With Wound healing assay, a comparison with the control, the cell number of the migration in KYSE150 cells and KYSE180 cells were significantly decreased after TAF1L-siRNA treatment, which both ESCC cell lines were 10.25±1.53 and 20.00±4.39. In contrast, cells in the migration in untreated control groups were 50.88±7.94 and 40.63±5.82 (p<0.05) ( Figure 4B ). The data of Transwell chamber assays also demonstrated that the migration of KYSE150 cells and KYSE180 cells were significantly decreased, which cell number of migration in ESCC was 51.63±2.83 and 65.73±7.79 in both KYSE150 cells and KYSE180 cells post TAF1L-siRNA treatment, compared that were 100.00±1.01 and 100.0±6.00 in untreated group of KYSE150 cells and KYSE180 cells (p<0.01) ( Figure 4C ). In addition, the data of Transwell chamber assays revealed the invasive cell quantities of KYSE150 cells and KYSE180 cells were significantly decreased, which was 59.34±5.00 and 36.00±3.37 in TAF1L-siRNA group, and 100.00±3.55 and 100.00±5.45 in untreated group (p<0.01) ( Figure 4D ).
Possible regulatory mechanisms of TAF1L effect on ESCC cells
In order to investigate the regulatory mechanisms of TAF1L gene expression to ESCC, several key proteins related to tumorgenesis, such as Akt, c-Myc, p53 and etc., were detected for further research. The results showed that the expression downregulation of TAF1L post TAF1L-siRNA treatment had no effect on the total Akt expression in ESCC cells, compared with untreated group. However, under same condition, expression levels of c-Myc and phosphorylated Akt (Thr308) were significantly decreased, while the expression of p53 was inversely increased, all p<0.05 ( Figure 5A and B) . 
Discussion
Recently, increasing bioinformatic data indicate that TAF1L gene may have a closed relationship with tumorigenesis in several tumors (12, (15) (16) (17) . While as a gene regulator, expressive features and potential roles of TAF1L on carcinoma are almost unknown. Mutative biofunctions of some oncogenes (e.g. GRP78 and PBK/TOPK) in ESCC with their abnormal expression have been reported, which the most of them are closely associated with ESCC tumorigenesis (18) (19) (20) (21) , and can lead us a journey to explore the potential pathogenesis and possible biomarkers for interfering prognosis and making early diagnosis. In this study, we reported that TAF1L is significantly upregulated in human ESCC tissues and cells (Figure 1 ). IHC staining analysis revealed that TAF1L expression is significantly correlated with the malignancy of ESCC.
With abnormal numbers of lymph node in metastasis were also observed in ESCC patients. As strongest prognostic factors, the ratio of regional lymph node is closely related to risk of locoregional recurrence in many cancers, such as breast cancer (22) , gallbladder cancer (23) and esophageal squamous cell carcinoma (24) . The current study discovered that TAF1L overexpression was significantly related to TNM-N stage (p=0.0141), which indicated that TAF1L may serve as a valuable biomarker for early diagnosis, therapeutic evaluation, and prognostic intervention of ESCC patients. Oh, et al reported that TAF1L has frame shift mutations in gastric and colorectal cancers due to the mononucleotide repeats (12) . Glaser, et al found that a variant of TAF1L in lymphatic endothelial cells was derived from lymphatic malformations, using whole exome sequencing (17) . Based on the references (12, 17) , mentioned SNP mutation sites (rs10971047, rs10758145, rs10971046 and rs199701622) were examined by sequencing and analyzing in this study. The data showed that DNA samples from both of ESCC and paired paracancer tissues (40 cases per group) were with lower mutative ratio for all above four SNP sites, and there was no significant difference between two groups. The results from this study suggest that enlarge sample numbers for further verification may be needed.
Via checking cellular functions, cell proliferation, migration and invasion of ESCC were found all effectively weaken by the inhibition of TAF1L expression with siRNA technique. It is well-known fact that Akt signal pathways can play critical roles in the regulation of cell proliferation, differentiation, invasion and metastasis during tumor development (25) (26) (27) . As a serine/threonine kinase, Akt is an important mediator in some signal transduction pathways. In addition, a variety of growth factors (28) , hormones (29) and cytokines (30) can also stimulate Akt activation. Phosphorylation of Akt and its downstream molecules are involved in inflammation process and other regulatory pathways, as well as tumor development. As for ESCC, phosphorylated Akt phosphorylation was reported to be elevated in tumor tissues compared with paired normal tissues (31) , and genetic variations of Akt might predict increased recurrence risk after chemoradiotherapy (32) . Results obtained in this study identified that blocking TAF1L gene could reduce expressive level of downstream phosphorylated Akt, suggesting that TAF1L may have potential roles in the malignant proliferation and metastasis of ESCC cells. p53, as a tumor suppressor gene, can derive many mutations in more than 50% of malignancies, and promote tumorigenesis via repressing downstream target genes (33) . As a protooncogene, c-Myc is negatively regulated by p53 (34) , which is involved in cell proliferation and apoptosis induction (35) . Moreover, previous studies showed that the P13K/Akt signaling pathway could immoderately lead to tumor cell proliferation by downregulating tumor suppressor gene p53 (36) , and upregulating protooncogene gene c-Myc (37) . Taken together, it indicates that downregulation of TAF1L protein expression could increase P53 expression, decreased c-Myc expression, and enhance cancer proliferation and metastasis of ESCC via Akt signal pathway.
Conclusion
This study has found that TAF1L may act as an oncogene to participate the ESCC development, and more supporting data indicate that it has possibilities as a new biomarker of ESCC for early diagnosis, therapeutic evaluation and prognostic intervention.
